Abstract-The
I. INTRODUCTION
T HE Thomas Jefferson National Accelerator Facility (TJ-NAF) is undertaking an extensive upgrade to the existing facility. The maximum electron beam energy will be increased from 6 GeV to 12 GeV. In addition to beam line and equipment upgrades to the three existing halls, a fourth hall (Hall-D) will be constructed on the other end of the racetrack. The major enhancements are highlighted in figure 1 . The Hall-D complex is shown in more detail in figure 2. After the fifth pass of the electron beam around the racetrack, the beam will be directed to the Hall-D tagger hall where the electron beam will be converted to a photon beam via the insertion of a thin diamond radiator. The scattered electrons from the bremsstrahlung process will be momentum analyzed in the tagging spectrometer whereby the photons impinging on a target within the experimental hall ∼75 m downstream are "energy tagged".
The experimental hall will house the GlueX detector (figure 3). The experiment is designed to study the excitation of the gluonic field binding quark-anti-quark pairs into mesons via photo-production reactions in order to further our understanding of confinement. To accomplish this goal the detector must be as hermetic as possible. We have chosen a solenoidal design, the core of which is a superconducting solenoid magnet providing a 2.2 T field. The magnet will enclose a liquid hydrogen target, tracking chambers for measuring trajectories of charged particles emerging from the target, and lead-scintillator calorimetry modules for photon reconstruction and time-of-flight measurements. Forward-going particles will be detected via a wall of scintillators used for time-of-flight measurements and an array of lead-glass blocks. 
II. THE FORWARD DRIFT CHAMBERS
The focus of this paper is the choice of technology for tracking forward-going charged particles. These tracking chambers (Forward Drift Chambers, or FDC) need to provide angular coverage down to very small angles with respect to the beam direction to maximize solid angle coverage and to be constructed with minimal material in the active area to reduce Coulomb multiple scattering and energy loss effects. Our goal is to achieve a total thickness of ∼2% of a radiation length in the active area over the four packages. To reduce the probability of photon conversions in the inactive portions of the FDC, the design seeks to minimize the material thickness in the chamber support frames. The chambers will also have to operate at high efficiency in a high-rate environment. The design goal for the position resolution is < 200 μm for each coordinate.
The Forward Drift Chambers (FDC) will be composed of cathode strip chambers -planar drift chambers with cathode readout. The combination of cathode readout and drift information enables measuring three-dimensional "space-points' for each wire plane. As illustrated schematically in figure 4, each drift chamber unit will consist of a wire plane with alternating field and sense wires at 10 mm pitch flanked on either side by cathode planes divided into strips. Six chamber units will be assembled together to form a "package". To aid in pattern recognition, adjacent layers will be rotated by 60 degrees with respect to each other. The packages will be arranged according to the current plan with equal distances between adjacent packages along the beam line downstream of the target.
In order to study the behavior of the cathode strip chamber we constructed a small-scale prototype consisting of a single wire plane and two cathode planes with strips oriented at ±45 c irc with respect to the wires as illustrated in figure 5. There are sixteen anode wires and 32 strips per cathode view covering an active area of ∼ 7 × 7 . The chamber was placed within a cosmic ray test setup with trigger scintillators above and below. The signals induced on the strips and sense wires are amplified by transimpedance preamplifiers with a gain of 2.3 mV/μA and the amplified signals are transmitted via ribbon cable to a post-amplification stage and finally by coaxial cables to the readout electronics. The anode signals are discriminated by a Lecroy 3412E leading-edge discriminator and the resulting logic pulses are digitized with an F1 TDC. CAEN V792 charge-integrating ADCs digitize the signals from the cathode strips. The cathode strips register the image of the avalanche charge on the anode wire. The image is typically distributed over three to five strips, as shown in figure 6, thereby enabling a determination of a centroid that is directly related to the position of the avalanche along the wire. The shape of the charge distribution is welldescribed by a semi-empirical function due to Mathieson [1] . Since the avalanche occurs very close to the wire, combining the centroid information from both cathode views allows us to determine the wire position from the cathode data alone. Figure 7 shows the result of "imaging" the wires for our best-calibrated data set. The widths of the spikes provide an estimate of the resolution of the detector. The Gaussian resolution averaged over all the wires is 158 ± 3 μm.
III. CONCLUSION
The Forward Drift Chambers are an important part of the GlueX detector. They are designed to track forwardgoing particles with good resolution. We have successfully demonstrated that we can meet the design goal of 200 μm resolution on the bench. Tests have been performed with a magnetic field to verify that the device can be operated in the GlueX solenoid magnet; the analysis of the data is underway. We are currently in the process of designing and building a full-scale prototype of one of the FDC chambers.
